Abstract -This study was conducted to investigate the environmental characteristics of natural habitats, and the genetic variations in samples from 19 different quadrates of Asplenium scolopendrium 10 habitats. The natural habitats of A. scolopendrium were located at an altitudes 110-973 m with inclinations of 7-30°. All the quadrates were located on north facing slopes. The average field capacity of the soil is 31.4%, with organic matter at 16.7%, and the pH is 5.84. The soil texture was confirmed as sandy loam in 8 habitats and silt loam in 2 habitats. A total of 214 vascular plants were identified from 10 habitats. The importance value of the herbaceous layer (H) was the highest in A. scolopendrium, at 10.4%, followed by Arachniodes standishii (7.3%), Dryopteris crassirhizoma (6.5%), and Polystichum tripteron (5.3%), which implies that the natural habitats of A. scolopendrium are affinity with ferns. The species diversity of A. scolopendrium was estimated as on average 1.09, while the dominance and evenness were 0.12 and 0.87, respectively. The result of the RAPD analysis, among 59 bands amplified with a primer, 25 (42.4%) showed polymorphism. Twenty-one individuals of 10 habitats could be classified into four groups with similarity coefficient values ranging from 0.74 to 1.0. Mt. Mullae and Geumdaebong populations shows basal branching within the 21 individuals. Ulleung-do island and Jeju-do island population forms an independent clade, respectively. Mt. Moak and Byeonsan-bando clade formed a sister to the Ulleung-do island and Jeju-do island clade.
Introduction
Recently, with the rising awareness of the importance of preserving biological diversity, a number of international agreements and treaties have been signed. Following this development, efforts to investigate the biotic community, and the function of ecosystems, and to prepare preservation plans for endemic plants and rare plants with limited distributions are ongoing. Research on this subject is insufficiency in Korea, although several studies on Echinosophora koreensis (Cheon et al., 2009) , Hanabusaya asiatica (Jang et al., 2010) , Abeliophyllum distichum (You et al., 2004) , Lithospermum erythrorhizon (Ahn et al., 2009) , and Abelia tyaihyoni (Jeong et al., 2007) have been carried out.
Asplenium scolopendrium L. is a perennial evergreen ferns belonging to the Aspleniaceae family. It is known to be distributed in Gangwon-do, Jeollabuk-do, Jeollanam-do, Ulleungdo island, and Jeju-do island (Lee, 1996a; Korea National Arboretum, 2008) . A. scolopendrium is protected as a rare plant by Korea Forest Research Institute (1997) and designated under floristics grade III in specific plant species (Ministry of Environment, 2006) . It was evaluated as "Least Concerned" in terms of endangered status.
Most previous studies of A. scolopendrium were conducted to habitat characteristics and vegetation structure within specific region, and horticultural utilities. Bang et al. (2004) reported on the environmental characteristics of Jeju-do island. Joo (2004) reported on the ecological characteristics and utilization in a interior landscaping. Lee and Jung (2006) and Lee (2007) reported on the mass propagation of A.
scolopendrium.
Efforts to understand the environmental and genetic characteristics of domestic, natural populations of A. scolopendrium are required in order to facilitate the preparation of appropriate preservation measures.
Therefore, this research aimed to provide the basic data Fig. 1 . Map of investigated areas (1. 2. Baneuloreum, 6. Teaharyeong, 7. Geumdaebong, 8. Mt. Mullae, 10. Mt. Moak) . required for the protection of A. scolopendrium, by investigating the environmental characteristics of its natural habitats throughout Korea, and by analyzing the genetic variation status using RAPD (Randomly Amplified Polymorphic DNA).
Materials and Methods

Environmental characteristics
Environmental factors
The environmental factors of direction (Starter 1-2-3, Silva), slope (PM-5/360PC, Suunto), and altitude (GPS-V, Garmin)
were recorded for each quadrates investigated in the 10 habitats of Baneul-oreum and Gyorae-ri (Jocheon-eup, Jeju-si, Jeju-do island), Teaharyeong, Nari-bunji, Dodong-ri, and Jeodong-ri (Ulleung-eup, Ulleung-do island), Geumdaebong and Mt. Mullae (Taebaek-si and Jeongseon-gun, Gangwon-do),
Byeonsan-bando (Byeonsan-myeon, Buan-gun, Jeollabuk-do) (Fig. 1) . Nineteen quadrates sized 5×5 m (25 m 2 ) were installed in each area.
Soil analysis
Surface layer of the soil was collected from each quadrates at a depth of 10 cm, to analyze soil characteristics. Collected soil samples were brought to the laboratory and dried under shade. The soil was passed through a 2 mm mesh to prepare the samples for analysis. Field capacity was converted by estimating the water content from the weight of the soil before and after drying (Feodoroff and Betriemieux, 1964) .
Soil was mixed with distilled water, and passed through filter paper (Whatman No. 5, 90 mm, ∅). The pH level was determined from the filtrate using a pH meter and organic matter content was measured by the loss on ignition method (Allen, 1989) . The sand, silt and clay contents were measured by hydrometer, and determined soil texture based on their ratio (Kalra and Maynard, 1991).
Vegetation
Vegetation was investigated for all the vascular plant taxa which appeared within the quadrates. These vascular plant taxa were classified into the tree layer (T1: higher than 8 m), sub-tree layer (T2: 2-8 m), shrub layer (S: 0.8-2 m) and herbaceous layer (H: lower than 0.8 m). The coverage and frequency were estimated accordingly per each layer. Relative coverage (RC) and relative frequency (RF) were determined, and dominant species were decided by calculating the importance value (IV) using the following equation (Curtis and McIntosh, 1951) .
Importance value (IV) =
Relative coverage (RC) + Relative frequency (RF) 2 Additionally, species richness of the herbaceous layer (Barbour et al., 1987) , species diversity (Shannon and Weaver, 1963) , dominance (Simpson, 1949) , and evenness (Pielou, 1975) based on the importance value were estimated, to compare the relative quantitative index of vegetation in the natural habitats. Plants were identified by referring to illustrated plant books (Lee, 1996a (Lee, , 1996b Lee, 2003; Lee, 2006 
Results and Discussion
Environmental characteristics
Environmental factors
The degree of inclination of the natural habitats of A.
scolopendrium showed a large variation depending on the area, ranging from 7° to 60°. Height above sea level was in a range of 110-973 m, and the slopes faced to the north, northwest, and northeast (Fig. 2) .
Most of the natural habitats except Gyorae-ri and Baneuloreum at Gyorae-gotjawal, where water drainage was good, and conditions were hot and moist with dome shape (Bang et al., 2004) , were located on slopes adjacent to valleys where soil was exposed to frequent splash erosion by increased water flow during rain, or in stony areas. Evergreen ferns like A.
scolopendrium are associated with a developed tree layer, and are known to inhabit stony areas where drainage is good and high atmospheric humidity is maintained (Bang et al., 2004) .
The results of this study showed that while the distribution pattern of A. scolopendrium did not seem to be affected by the variations of altitude and degree of inclination, slope aspect and proximity to valleys might have a significant effect on its distribution.
Soil analysis
The organic matter content of the soil was on average 16.7% (Table 1 ) which was higher than the reported average organic matter content of 4.5% (Jeong et al., 2002) and of 3.2% (Lee, 1981) in the forests in Korea. This may be because et al., 2002) . In this study, pH levels of soils from Mt. Mullae and Geumdaebong were higher than 6, with values 6.07 and 6.71, respectively. This might be because the soil from these two areas is composed of limestone with neutral or alkalescent high calcium and magnesium content (Lee, 1981) .
Average field capacity was confirmed as 31.4% (Table 1) .
This might be attributed to the organic matter supply from the upper tree layer, since even in soil with high sand and silt, once organic matter is added, clay particles bind with sticky materials produced by bacteria and Cyanophyceae, fungus, and earthworms, thereby raising the capability of holding moisture and nutrients (Kim et al., 2007) .
The soil characteristics from the 10 habitats showed sandy loam in 8 and silt loam in 2. The composition ratio of the soil was found to be 34.2-73.8%, 22.5-59.2%, and 2.5-7.5% of sand, silt, and clay respectively, while the average composition of soil from all natural habitats were 56.8%, 38.1%, and 5.1% 
Vegetation
Species diversity
The vegetation investigation showed that vascular plant taxa in 10 natural habitats of A. scolopendrium consisted of total 63 families, 141 genera, 187 species, 3 subspecies, 22 varieties and 2 forms, totaling 214 taxa (Table 3 , Appendix 1).
As far as class is concerned, tree layer 18 taxa, subtree layer 32 taxa, shrub layers 59 taxa, and herbaceous layer 134 taxa were confirmed. The species richness of the herbaceous layer, in which A. scolopendrium is included, was highest in Mt. Mullae, at 42 species, whereas only 12 species were found from Jeodong-ri, thus indicating large differences depending on the different natural habitats (Table 4) This is because Mt. Mullae itself is a plantation area, where coverage of sub-trees and shrubs was less, and the amount of light that reached the soil surface was increased, which was beneficial for photosynthesis.
The species diversity of the herbaceous layer was estimated at 1.09, with the highest value of 1.36 from Mt. Mullae where the largest number of taxa appeared. The lowest species diversity of the herbaceous layer was found at Byeonsan-bando, at 0.88. As far as dominance was concerned, if it was higher than 0.9, one species was dominantly distributed, whereas if dominance was in a range of 0.3-0.7, either one species showed strong dominance, or two species were codominant. If dominance was in a range of 0.1-0.3, several species were co-dominant (Whittaker, 1965) . If the dominance value was less than an average of 0.12, vegetation of several taxa displayed even dominance.
The nearer the species evenness was to one, the higher was the evenness of distributed species (Brower and Zar, 1977) .
The species evenness of the investigated area was estimated as on average higher than 0.87 ( However, species evenness from Gyorae-ri was low, at 0.83.
This might be because it is located at Gotjawal, where a stony area, and therefore overall coverage of the herbaceous layer was low, while coverage of Arachniodes standishii and Polystichum tripteron was relatively high.
Importance value
The estimated result of importance value for the herbaceous layer in natural habitats was the highest in A. scolopendrium, at 10.4% (Appendix 1) followed by Arachniodes standishii (7.3%), Dryopteris crassirhizoma (6.5%), and Polystichum tripteron (5.3%). This result confirms that these taxa have a high affinity with A. scolopendrium. For tree layers, the highest importance value of 17.3% was found from Acer pictum subsp. Acer pictum subsp. mono and Carpinus cordata were found in Geumdaebong, whereas in the Byeonsan-bando and Mt.
Moak deciduous forests, Carpinus laxiflora, Zelkova serrata,
and Acer pictum subsp. mono were found to be dominant species, which suggests that there are differences in species composition of the vegetation in each different area, as the Korean peninsula is known to show different floristic vegetation (Lee and Yim, 2002) .
RAPD
RAPD analysis was carried out by selecting 7 primers (Table 5) , which showed good reproducibility and amplification in all 21 samples, from among 60 random primers, with the aim of investigating the genetic variations between populations in the natural habitats for A. scolopendrium. Generally, base composition of primers influences the ability of DNA amplification (Williams et al., 1990) , and higher ratio of G+C content has been shown to be positively correlated with ability and strength of DNA amplification (Fritsch et al., 1993) .
Seven of the primers screened for this study successfully amplified the genomic DNAs, and G+C contents of all the primers were higher than 60% (Table 5 ).
The size of amplified DNA bands was in a range of 200-2,900 bp with an average of 8.43 bands. The number of polymorphic bands was 25 (42.4%), and the rest of the 34 (57.6%) bands displayed monomorphic (Fig. 3) .
Cluster analysis for 10 natural habitats of A. scolopendrium yielded a relatively high index of similarity in a range of 0.74 to 1.0 largely forming 4 clades (Fig. 4) . Mt. Mullae and Geumdaebong, which are located inland with limestone as a soil parent materials, Gyorae-ri and Baneul-oreum, which consist of volcanic ash, and Jeodong-ri, Dodong-ri, Nari-bunji, and Teaharyeong, which composed another clade. Byeonsanbando and Mt. Moak, also formed one clade with a similarity of higher than 0.97 and constituted a sister group with 
OPA-06
OPA-07 Prunus padus L. 귀룽나무 
